vestigated the association of exposure to environmental tobacco smoke and diseases of the Background -A systematic quantitative review was conducted of evidence relating ear, nose and throat (ENT), and the evidence has been the subject of periodic narrative reparental smoking to acute otitis media, recurrent otitis media, middle ear effu-views. [2][3][4] Only two studies have attempted a quantitative meta-analysis.
Studies were grouped according to the out-but an increased incidence of acute otitis media in the offspring of mothers who smoked during come measure as follows: acute otitis media (11), recurrent otitis media (9), population the first trimester of pregnancy (odds ratio 1.38, p<0.05; no confidence interval published). An surveys of effusion (5), population studies of deafness (1), clinic-based studies of referrals increased risk of acute otitis media episodes in the offspring of smokers also emerged in a for glue ear surgery (9), adenoidectomy or tonsillectomy (4), and postoperative natural Finnish cohort 20 but was not tested for significance (odds ratio 1.6). The monthly inhistory studies (1). Three publications 10-12 contributed information on more than one out-cidence of acute otitis media among 2512 children in northern Finland 10 21 was sigcome measure (tables 1 and 2).
Odds ratios relating parental smoking to each nificantly higher if parents smoked (odds ratio 1.17, 95% CI 1.06 to 1.30). Among a clinichealth outcome were pooled using weights inversely proportional to their variance (the based birth cohort in Boston, Massachusetts 12 the cumulative incidence of acute otitis media "fixed effect" assumption). In addition, "random effects" models were used as described in the first year of life was also significantly more common if the parents smoked (odds in detail elsewhere 7 if there was evidence of statistically significant heterogeneity of the ratio 1.38, 95% CI 1.03 to 1.80).
Three cross sectional studies of schoolpassive smoking effect between studies.
children have related a history of "otitis" 13 or "ear infection" 8 9 to parental smoking. In two Israeli studies the odds ratios for ear infection Results    among children whose parents smoked were 1.30 (1.04 to 1.64) 8 and 1.12 (1.01 to 1.25).
9
Episodes of acute middle ear infection are common in young children and various methods Among Italian children 13 otitis was more common in homes where parents smoked >20 cihave been used to report the incidence of the condition. Some have reported lifetime pre-garettes daily (odds ratio 1.38, 95% CI 1.00 to 1.89). A fourth cross sectional study from valence, with or without a physician diagnosis, and at various ages.
12-15 Others present period southern Thailand 22 combined history and otological examination to assess the presence of prevalence over a year 16 or the recent past, 17 18 or prospective data counting episodes of acute "any otitis media". This composite outcome was positively but non-significantly associated otitis media over the period of the study. 10 14 [19] [20] [21] Few studies present quantitative information with smoking by the father (odds ratio 1.58, 95% CI 0.89 to 2.83). Maternal smoking was in relation to parental smoking habits.
Three early studies 15 16 19 report no significant rare and inversely associated with otitis media (odds ratio 0.41, 95% CI 0.06 to 3.00). association (p>0.05) of acute otitis media with parental smoking without details of the supAlthough these studies are too varied to permit a formal meta-analysis, they would be conporting data. Acute otitis media in the previous two weeks was not associated with exposure to sistent with a weak adverse effect of parental smoking on the incidence of acute otitis media environmental tobacco smoke in a household survey in Atlanta, Georgia (odds ratio 1.1, p= in children, with an odds ratio in the range 1.0-1.6. None adequately addressed dose-0.83).
18 A Belgian cohort study 19 found no effect of postnatal smoking by either parent, response or confounding effects. AOM=acute otitis media; ROM=recurrent otitis media; OME=otitis media with effusion (glue ear); OP=outpatients; PD=physician-diagnosed; C-C=case-control study.
Reference 11 appears twice but with mutually exclusive comparisons. Reference 12 appears three times with potentially overlapping comparisons (but sample attrition).
   the different age ranges and case definitions in the various studies. Under the fixed effects The quality of epidemiological evidence improves considerably for recurrent otitis assumption the pooled odds ratio for recurrent otitis media if either parent smokes is 1.41 media, 10-12 23-28 usually defined as more than a specified number of episodes of physician-(95% CI 1.19 to 1.66). Using the random effects model the pooled estimate is 1.48 (95% diagnosed acute otitis media in a defined study period (table 2) . Most of these studies report CI 1.08 to 2.04). This may be a slight overestimate as it is greater than the odds ratios on the relationship of recurrent otitis media to smoking by either parent, although two 25 27 for maternal smoking in the two studies that reported only this measure and not the effect present data only for smoking by the mother or the father separately (table 3). The more of either parent smoking (table 3) . recent studies have adjusted for multiple confounders and derive similar odds ratios before and after adjustment (table 4), suggesting that    Population surveys uncontrolled confounding is unlikely to be a major issue in the interpretation of the crude Four cross sectional or longitudinal studies of general population samples have objectively odds ratios. All three studies which tested for the presence of a dose-response relationship measured the presence of middle ear effusion by tympanometry [29] [30] [31] or otoscopy. 32 All found found it to be significant at the 5% level (table  3) .
an increase in prevalence of "glue ear" in children exposed to parental smoking (table 3) , One birth cohort study 12 reports on the relationship of parental smoking to recurrent ot-despite some differences in the age of the subjects. In one of the tympanometric studies 31 itis media at three ages (1, 3 and 7 years). The size of the cohort is different at each age due a significant dose-response relationship was found with the salivary level of cotinine, thus to sample attrition, but the case group increases because of accumulation of children with at offering an entirely objective assessment of the association of environmental tobacco smoke least three episodes of otitis media. For the purposes of meta-analysis the results from the and middle ear effusion. 33 In the longitudinal study of otoscopic abnormalities among daythree year follow up are used, as this age corresponds most closely to that used in other care attenders 32 serum cotinine levels were used to define exposed and unexposed children. similar studies. Figure 1 summarises the results of a com- Figure 1 summarises the results of these studies. There is no evidence of heterogeneity parison of children of smoking and non-smoking parents. There is weak evidence of of odds ratios in a pooled analysis of these four studies ( 2 =0.7, df=3, p=0.87) and the fixed heterogeneity among the seven odds ratios for either parent smoking ( 2 =13.5, df=6, p= effects assumption is therefore appropriate. The pooled odds ratio for glue ear if either 0.036). Some variation is to be expected given 30 Another is based on a case-control sample drawn from a larger three tympanometric studies.
Three other papers have reported briefly population screening survey 35 and comments only that there were no significant differences upon the association of tympanometric abgroup.bmj.com on June 22, 2017 -Published by http://thorax.bmj.com/ Downloaded from ship to cumulative passive tobacco exposure but no odds ratio for current parental smoking, 37 and the other 41 presented odds ratios for maternal and paternal smoking separately but not in combination (table 3) . Figure 1 summarises the results for the remaining seven studies. The odds ratios do not display significant heterogeneity ( 2 =8.1, df= 6, p=0.23) so the fixed effects assumption applies. The pooled odds ratio for either parent smoking is 1.21 (95% CI 0.95 to 1.53). The odds ratios reported separately for maternal and paternal smoking in one of the excluded studies 41 are higher than this (table 3) , but where the effects of mother's smoking or father's smoking can be compared within a study with the odds ratio for either parent smoking, 40 44 the latter is greater (table 3) . Six of the eight studies assessed dose-response and in only two of these was it significant at the 5% level (table 3) . Only one study 36 compared odds ratios before and after adjustment, and then only for age and sex. However, several of the case-control studies were matched for age, sex, and socioeconomic status or comment that these variables were similarly distributed in cases and controls (table 4). The extent of residual confounding by unmeasured factors related to disease incidence, prognosis, or referral thus remains uncertain. of non-smoking parents (31% of 100 ears). Insight into the long term natural history of untreated effusions emerges from controlled between 67 cases and 134 controls in exposure trials of operative intervention for glue ear. 45 46 to two or more household smokers. The third Among 133 children followed for five years study 36 relates to tympanometric findings after adenoidectomy or adenotonsillectomy, among a sample of 45 outpatients, half of whom persistence of fluid at the end of the study was were attending for acute otitis media. Of those three times more likely if either parent smoked exposed to smoking in the home, 65% had (odds ratio 3.32, 95% CI 1.17 to 9.41). 46 A abnormal tympanograms compared with 29% similar finding emerged by survival analysis in of those unexposed (odds ratio 4.9, 95% CI a trial of unilateral grommet insertion for 1.4 to 17.2). This study is difficult to interpret middle ear effusion. 45 Among 66 untreated ears because of the inclusion of a high proportion followed over five or more years spontaneous of subjects with acute ear infection.
resolution of fluid was less common (hazard ratio 0.44, 95% CI 0.22 to 0.87). This corresponds approximately to a twofold or threeClinic referrals fold difference in rates of resolution. Nine studies 1 37-44 address the relationship between exposure to environmental tobacco smoke and outpatient referral or operative intervention for glue ear (table 2). These are   Only one study relating parental smoking mostly of case-control design, with controls selected from non-ENT clinics, although one directly to hearing impairment was found. 47 This was based on a sample of 87 Irish children birth cohort study is included. 43 The age range in many of these studies is wide, although most attending for routine developmental screening at 10 months of age. A persistently abnormal of the subjects are under eight years of age. No studies under this heading were excluded from distraction test was five times more common in infants passively exposed to cigarette smoke the quantitative overview, although two were excluded from the meta-analysis. One of these (p<0.05) and the authors calculated that 75% of the cases of hearing loss were statistically reported a significant dose-response relationgroup.bmj.com on June 22, 2017 -Published by http://thorax.bmj.com/ Downloaded from attributable to exposure to environmental to-fore reasonable to conclude, as have recent overviews, 2 4-6 that a causal relationship bebacco smoke. This small study deserves to be repeated on a larger scale.
tween parental smoking and both acute and chronic middle ear disease in young children is likely. Only one study addressed the effects of    Four studies 11 48-50 relating to adenoidectomy, parental smoking on ear disease at different ages, 12 but this suggests a slightly stronger astonsillectomy or adenotonsillectomy without specific reference to glue ear as an indication sociation in the first year of life than subsequently, as is evident in studies of lower were identified (table 2) . These were remarkably consistent in the odds ratio relating respiratory illness.
7 Few studies have compared the effect of smoking by the mother and father, to either parent smoking (table 3) . There is no heterogeneity of odds ratios ( 2 =0.00, df=3, and none have compared the effects of prenatal and postnatal exposure to maternal smoking. p=0.99) and the pooled odds ratio is 2.07 (95% CI 1.82 to 2.35).
These are important issues to be addressed by further research. The pooled analysis is dominated by the large population survey of French secondary
The published evidence relating parental smoking to adenoidectomy and/or tonschoolchildren. 48 This study also reported in some detail on patterns of smoking by each sillectomy is sparse and heavily influenced by a single cross sectional study in which both parent, and on the exposure-response relationship which was significant (p<0.05) surgical history and parental smoking habits were reported by teenage children. 48 Our prewhether assessed as the number of smoking parents or as the daily cigarette consumption viously unpublished findings from the British 1958 birth cohort cast doubt on the genby each parent separately. The major omission from this study is information on socio-eralisability of the French results. 48 The discrepancy may relate to different referral economic status.
We have previously analysed longitudinal patterns and clinical indications for tonsillectomy in the two countries. In the light of data from the British 1958 birth cohort relating both parental smoking and tonsillectomy to the the British findings it would be premature to conclude that a causal association exists beincidence of childhood asthma. 51 We therefore investigated whether the strong association be-tween parental smoking and the wide range of disease conditions which may predispose to tween household smoke exposure and tonsillectomy could be replicated in this large tonsillectomy. nationwide cohort. Among 10 931 children whose parents were interviewed at age 16 (in 
